The effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin on the development and function of the blood-brain barrier.
Prenatal exposure to environmental chemicals such as dioxins is known to have adverse effects on the developing central nervous system (CNS) in mammals. Because the fetal blood-brain barrier (BBB) is immature, dioxins are thought to exert their toxic effects on the CNS by crossing the BBB and acting on neural cells directly. However, little is known whether dioxins alter the BBB. In this study, to investigate the effects of dioxins on BBB function, we exposed an in vitro BBB system comprising rat endothelial cells, astrocytes, and pericytes to the toxicant 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) either before or after BBB formation. We assessed BBB permeability and the function of tight junctions by measuring transendothelial electric resistance (TEER) values following exposure. Subsequently, total RNA and proteins were obtained from the cells for analysis. TEER values following TCDD exposure before but not after BBB formation were lower than those of the control group. We also observed that the expression of the tight junction proteins ZO-1 and claudin-5 was suppressed following TCDD exposure. To examine the cause of this reduction in protein levels, we performed a real-time quantitative polymerase chain reaction assay and observed low expression of the glial cell line-derived neurotrophic factor (GDNF) mRNA in the exposed groups. Moreover, to rescue the effects of TCDD, we applied extrinsic GDNF with TCDD. The several disruptions caused by TCDD were rescued by the GDNF addition. Our findings suggest that exposure to TCDD during BBB formation disrupts and impairs BBB function in part by the suppression of GDNF action, which may contribute to the adverse effects of TCDD on the fetal CNS.